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SECTION 1
INTRODUCTION

This document describes a computer program written to assist in the analysis of the Stability
Criteria for the OAO Coarse Pointing Mode. The program was originally constructed in

two independent segments which were then consolidated into the final version identified here.

The computer language utilized is FORTRAN IV. The computer used was the GE 635,
although any other computer offering the standard FORTRAN IV language may be used.
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SECTION 2
COMPUTING SYSTEM REQUIREMENTS

HARDWARE
IBM 7090/7094 Data Processing System
or

GE 625/635 Data Processing System

SOFTWARE

IBM 7090/7094 IBSYS Operating System
FORTRAN IV Language

or

GE 625/635 GECOS Operating System
FORTRAN IV Language
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SECTION 3
GENERALIZED LOGIC FLOW

The following flow diagrams identify the overall calculation sequence of the program. The
numbers to the right of the various boxes identify the corresponding equations which are

being solved from Part 1 of the Final Report.



@.__—'/ Read input

Initialize constants
Set variables to zero

'

]

/\

Test COMPB = 1

No

Yes

Compute B*
from other input
variables

Set group indicators
1, 2, or 3

'

Output command

e values and position
data

Save input and
convert position data
to non -dimensional units

!

Output all other
input values

\/l/\

Set up data for
compatibility with
TASK3 subroutine

C

g

Figure 3-1. Main Program
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call TASK3
subroutine

Test ITS = 0 Yes
Iteration control

No
Test SONE Z 0 Yes
for this iteration

No

Set P¥, V¥ E*

to new values from
integration results
Increment counter ITER

l

Test ITER - NTIMES Yes
sufficient number of
iterations

No

call TASK4
subroutine

l

Reset all input
variables

Figure 3-1. Main Program (contd)




Zero matrices

Y

Identify group

¥

Obtain G matrix 1%
Obtain EL matrix ok

R

Obtain ELV, D, u matrices

Y

Obtain V matrix 3*
Obtain Y0 matrix 4*

Y

Call MINORS .
subroutine 5

b i * 3 !
Obtain Y1 Yy 8

y

Compute sums

6

SM, =~ ¥ 8-S
1 o, o,
y=1 i i

*NOTE -

See Appendix A for equation
reference.

Figure 3-2. TASKS Subroutine



Evaluate T
SZERO =y
o
T
1

c Yy

Y,
’oyo

SONE =

|

output

SZERO, SONE

Initiate R-K
Integration technique

l

Proceed with R-K
until
T = TFINAL

'

Evaluate new
QWIG q

Return

6*

*Note

see Appendix A
for equation
reference

Figure 3-2. TASK3 Subroutine (contd)
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7k
Obtain R2

l

8g*
Obtain R1

l

9*
Evaluate Z's

l

*
Compute C's 10

l

*
Compute D's 11

!

Evaluate 6_, 0
1" 2
THETA 1, THETA 2

'

Compute THETA
6

"

Compute GAMMA 12%
I

l

Output 9, T
THETA, GAMMA

W

*NOTE

See Appendix A
"for equation reference

Figure 3-3. TASK4 Subroutine



Variable Name

ZSTDY(10)

ES(3)
P(3)
v(3)

B(4)

DEL1, DEL3
DEL4, DELS5,
DELS

COMVAL(4)

RHO

SECTION 4

D-ESCRIPTION OF INPUT VARIABLES

Symbol Used by Definition
Zs MAIN The steady-state
TASK4 position vector
[
b s
2
es TASK3 as
Ds TASK3 amps
Vs TASK3 volts
b MAIN The angles
BJes EKe’ YJe, ‘YKe
where J and K are
the following pairs
1,3
3,5
4,6
[ TASK3 controls for the chosen
pair e. g., (3,5)
DEL3 = DEL5 = 1.0
all others = 0.0
command values
groupl groupll greup I
COMVAL ()= B, Beg Bog
2) ﬁcg Bcs Beb
(3) Yy Yeg  Ycd
@ Y3 Yes  Yeg
[ o) TASK3 constant

Variable Name Symbol Used by Definition
KAP2,KAP3, %y e TASK3 constants
KAP4, KAPS,
KAP7,KAPS
NU v TASK3 parameter
NORMK /k/ MAIN parameter
TASK3
D1(3) D1 TASK3 parameters
D1 = DIAG of a (3x3)
matrix
XI(6) Xi, i=1,6 TASK3 parameters
SCALE TASK3 scale factor usually
1.0
COMPB MAIN control for decision to
input or compute
Bxer ch’ ke
where J, K are one of
the pairs (1, 3), (3, 5), (4, 6)
TFINAL TASK3 upper limit of integration
DT TASK3 increment of integration
NTIMES MAIN The loop through TASK3

and the R-K integration

will terminate if either

of the following conditions
are met:

1) - NTIMES - a2 maximum
number of iteration degired.
2) - The small gimbal angle
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SECTION 5
SAMPLE INPUT

A listing of the data cards for a sample case follows. All data input is accomplished by

using the NAMELIST feature.

$ INPUT ESTAR= 20a¢ 2%7¢9894015,
COMVAL= —35es 40ee 2584 4040

RHO = 150040

KAPZ2 = S4370ES5, KAP3

24 685E6, KAP4 = =240, KAPS = 14002E-3
KAP7 = Be6BlE-6s KAPB = 2600
X1 (1) = 1450772733E341e50772733E347s53863663E2,4¢74363958E 4,
XI(S)= 44T74363958E419448727915E4

NU=2¢00+

SCALE=1400
NORMK= 173205081,
D1 = 2%1¢00819723E5¢5+404101114E4

ZSTDY= 3%0env 3%10e4v 21500 1123782244-6e49572195060 1929877720
ES= 3%7.98940149

P=3#04e¢ V=3#1044¢ B=2les 3#0e+

DEL1=1les DEL3=1e1
TFINAL=0e130215¢ DT= ¢130215E~3» NTIMES=1y

COMPB=144 $



SECTION 6

DECK SETUP
(GE 625/635)

Data Deck

$ Input

$ Execute

Binary Deck

$ Object

$ Option Fortran, DDICT

Figure 6-1. Deck Setup



NAMELIST
_ZSTOY (1)

INPUT

1 0.
7 2.1000000E 01
TES 1Y
1 7.¥394015%€ 00
[ ] :
1 0.
Sy eyt .
1 1.J400000e 01
R 4 & A T
t 2.1000000e 01
ESYAR (D)
1 0
" DELL 1
,,,,,,,,, 0

L <«3,200000ue 01

“RHO 1.50000008 03

KAPS 1.40¢0000=2-03

TNOR MK 1./320508c 00

D1 1)
|

x1 h
R 1

1.0081972e 03

1.50/7273¢ 05

1.0000900E 00

T 1,90213500E~08
NTIVES 1
END 7 ONAMELIST 77 TUINPUT

“TCOMMAND VALUES — UEGREERS

BEYR CTI =-35.00600000U0

P STAR

T AMES

BN X

[/

_— 0.

T BRTETERLY

e _RMES

e

e e e 0 d NS

[

. Rﬁ9.= Q.lbouﬁbnut {4
KPP2 = (.537CLULUE Uue
KAP?_;_ S;lUU?LUHUE'U%

__NU = 0.20000CL0E U1

V15077973 (%

»y.}p083972h (o

UW15077273F ué

UL lUUBLI72E uh

0.
1.1287822E 01
7.9894015E 00
g,

1.94000008 01

4,000C000E oL
KaP2
KAP7

1.0081972¢ 05

1.2077273€ 03
COMAND

0.
=6.,95/2192E 0y

u.

SECTION 7

SAMPLE OUTPUT

1.049000uE 91
1.9298777F 01

/,9874)15 QU

1.u4y0J00% 01

<2,0000)0UE 01
1,99894008 U3 DEL4 U

€.2000J)0ve 04

4.Y0U0JU0UE 0L

5,3700002% V3 KAP3 2,08
8,641000LE=06 KAPS 2,60

5.0410141F 04

U,

7.5386366€ 02

4,/436396E 04
coMPy 1,00

SEilA €3 = 40,000000Cy GAMMA C1 = 25,00000069

¥ STAR
VOLTS

0.10400000E
U.104C0000CE
0.104C0000E

v STEADY
VLLTS

0.10¢40000CE
0.104GU000E
G.1040000CE

02
L2

v2
e
g2

’

B STAR & 5T
AM AS
0.21000000E 02 0.
0.11582469E (2 0.
-0, 74469957E (1 «4.2000
0.,186362799E 02
g STEALY £ STEA
AM AS
U.2100CYL00NE 02 U.7989
U.13123/822E 02 J.7989
-0.69572194k 01 0.798%

0.192%8777k 02

KARPS = (.c6050000F 07 KAP4 = «0,200L000CLE 01
RAF7 = 0.66KIULULE=-LS KAPE = (,260U0U0U00E 0?
MURM K= 0.1782C¢H08E U1l SCALE = 0,10CUU0CUE O
DIAG KO
0.753668566F 03  0,47436396E (15 0,47436
T NIAG D2
6.50410111k U2

STABILITY CRITERLA

SITALL GIMBAL ANGLE ERROURS

.5 R

4.19628409E 04

LARGE GIMRAL ANGLE ERRURS
T U TCAFTLAMBDR 0.10473944E=08

SUNE

CaP GA.iMA

0.4242/670b-0%

~4,17751959E-1b

1.0400JU0E o1

Y000uE 06
J00UvE 0%

4,7456396E 04
D0YOUE 0

14040U0000E 01

DEL> J.
KAPS «2,0030000E 00
Ny 2,0000000& 00

9.4872791& 04
TFINAL

GAMMA C3 = 49,00000UQ0

AR
BETA E1
BETA ES
0000E 02 GAMMA k1
GAMMA ES
DY
4015€ 01 BEIA E1
4015¢ 01 BETA ES
401%& (1 GAMMA k1
GAMMA EJ

1

396 05

0,94872791k 5

1,3021500E-01
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SECTION 38
PROGRAM LISTING

$ FORTRAN DECKeSTAB
CTASK?2
DIMENSION QUT(13)
DIMENSION SAVES(13)e SAVEP(10)e SAVE(3)
COMMON/BLK/DZERO(6+6) e JZERO(6+6)¢ QWIG(9) e ITI«TFINAL DT

COMMON/BLK L/
1 Z(10410610)4ZK(10)9sR(13)42ZSTDY(10)
2 C(13¢13¢13)sD(13413)

3¢DEL 1 +DEL3«DELG«DELSDELE«DTReCOMVAL (4)

COMMON/BLK2/SONE ¢ SZERO

COMMON /INPT/RHOKARPZ2sKAP3sKARPS4 s KAPS s KAP 7+ icAP8 s

INUSNORMK s D1 (3) s GROUPR ¢ GAM(6) ¢ BETA(SE) o XI(6) esCALE

COMMON /INPTN/ PSTAR(3)sVSTAR(3)+ESTAII) epPS(3)eVS(3)eES(3)

DIMENSION PSI(6)+HZERO(E6s6) s TEMP(E+6)YITEMP]1 (6e6) +SUMM(646)

DIMENSION R2(10)¢P(3)eV(3)eB(4)
DIMENSION HOLGM(S5)e« HOLB(S)
REAL KAPZ2+KAP3+¢KAPS s KAPS +KAP7 4 iKAPS « NU ¢« NORMK

REAL JUZERO

EQUIVALENCE (ZKeP) e (ZK(4)oV) e (ZK(T7)1eEB) s (R2,4R(4))
DATA HOLGM/2HC1 +2HC3e2HC412HCS542HC S/ s
1HOLB/2HE 1 4 2HE3 4 2HE4 ¢ 2HES ¢ 2HE 6/

of T3 3 23 INPUT COMMAND VALUES IN COMVAL
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NAMEL IST/INPUT/ZSTDYeESsPsVeB+ESTARDCEL 1 vDEL3e¢DELADEL S¢DEL 6 s
ICOMVAL ¢+ RHOs KAPZ24KAP3KAP4 4KAPS KAPT7¢KAPS {NUINORMK ¢ D1 e X1 oSCALE
2+ COMPR
2 o TEINALSDTs NTIMES

INITIALIZE
DTR = 017453292
DO 51 = 146
GAM(1) = 040
BETA(l) = Q60
DO 91 = 13
ES(11)=04
P(1)=0e
V(I)=0oe
B(I)=0oe

ZSTDY(1) = O
B(10)=0,

DEL 1=0s
DEL3=0e
DEL4&4=0s
DELS=0e
DEL6=0s

IT3=0

ITER=0
READ (S INPUT)
WRITE(6¢1000)

WRITE(6s INPUT)

oo 10 I=1410
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10

101

11

12

14
1

SAVES(I)= ZSTDY(1)

IF({ COMPBeEQele) CALL COMP
Do 101 I=143

SAVE(1)= ESTAR(I)
SAVES(I+10)= ES(I)
SAVERP(I)= P(1)

SAVER(I+3)= V(1)
SAVEP(I+6)= B(I)

SAVEP(10)= B(4)
WRITE(641000)

IF (DEL1eNEoles) GO TO 11
GROUP = 1(SETS1+3)

I1x=1

1y=2

GROUP=1le

IF(DELSeNEels) GO TO 12
GROUP = 2(SETS3+5)

Ix=2

1Y=4

GROUF =2

IF( DEL4eNEsles) GO TO 14
GROUP = 3(SETS4+6)

Ix=3

1v=5

GROUP=3e

WRITE(6¢1004) HOLGM(IX)e COMVAL (1)
HOLGM(IX)e COMVAL(3)

HOLGM( 1Y)
HOLGM( 1Y) e

COMVAL (2)

COMVAL (4)



CH®en

16

17

CONVERT DATA TO NON-DIMENSIONAL UNITS AND SAVE INPUT

PX=44¢76462
VX=264
BX=3437474677
DO 16 I=143
oUT(1)= P(D)
P(I)= P(1)/PX
OUT(143)= V(1)
VII)=V () VX
OUT(146)= B(1)
B(l)= B(1)/BX
OUT(1410)= ESTAR(I)

ESTAR(1) = ESTAR(I)*448481361E~-6

ouUT(10)=B(4)

Btsr= B(a)s/8%

WRITE (6¢1001)

WRITE(641016)

WRITE(6¢1014) OUT(1)e OUT(4)0e

2HOLB(IX)s OUT(10)eHOLB(1lY)
DO 18 I=143
QUT(I)=Z2STDY(1)
ZSTOY(1)=2Z2STDY (1) /PX
OUT(1+3)= ZSTDY(1+3)
ZSTOY( 1+3)Y=ZSTOY( [4+3)/VX
QUT(1+6)=ZSTDY(1+6)
ZSTOY(1+6)=ZSTDY( 1+6) /BX

OUT( 7)o
1 OUTI(S)e OUT(8)e OUT(12)+HOLB(IY)

OouUT(3)

OUT(6)

OUT(11)eHOLB(IX)e OUT(2)

OUT(9)«QUT(13)



OUT(1+10)= ES(])
18 ES{I) = ES(1)#4¢8481361E~6
OUT(10)= ZSTDY(10)
ZSTDY(10)=2ZSTDY(10) /BX
WRITE (64¢1002)
WRITE(6¢1016)
WRITE(6+1014) OUT(1)e OUT(4)e OQUT(7)e OUT(11)eHOLBIIX)s OQUT(2)
1 OUT(S)e OUT(B)e OUT(12)+HOLB(IY)e OUT(3)e OUT(6)e OUT(9)es0UT(13)
2HOLB(IX)s OUT(10)¢HOLB(LY)
19 WRITE(641005) RHO«KAPZ2, KAP3s KAP44 KAPSe kAPT7s KAP8s NU+NORMK,
1SCALE
CREERX SET UP INPUT DATA FOR TASKI1I1l
bo 20 I=143
PSTAR(I)Y=P (1)
VSTAR(1)= V(1)
PS(l)= ZSTDY(I)
20 VS(1l)= ZSTDY(I+3)
IF (GROUP—-24¢) 22+¢24+26
22 BETA(1)= COMVAL(1)®DTR
BETA(3)= COMVAL(2)*DTR
GAM(1)= COMVAL (3)#DTR
GAM( 3)y=COMVAL (4)*DTR

GO TO 28

24 BETA(3)= COMVAL(1)#DTR
BETA(s)= COMVAL(2)*DTR
GAM(3) = COMVAL(3)*DTR
GAM(S) = COMVAL(4)%¥DTR



26

28

29

30

40

50

GO TO 28
BETA(4)= COMVALI(1)%¥DTR

BETA(&)= COMVAL(2)%#DTR
GAM(4) = COMVAL (3)*DTR
GAM(6) = COMVAL(4)%DTR
N=6

DO 29 1=1eN

DO 29 J=1eN
JZERO(1eJ)}=0e
HZERO(14J) =00
DZERO(14J)=0¢

PX= KAP4/(RHO®KAPT)
DO 30 I = 13
JZERO(Is 1) = PX
JZERO(I+3¢143) = =1e¢0

DO 40 I = 13
PSI(I) = -0e5%XI1(1)/PX
PSI(143) = O«S%XI(I4+3)

DO 50 I = 1N
HZERQ(Is 1) X1(1)
DZERO(IW 1) PSICL)

[

"

WRITE(6¢1006) (HZERO(Iel)el=1eN)
WRITE(641007) (D1(I)el=1e3)

CALL MTMPY (O JZERQDZEROSTEMPs~646¢64646)



CALL MTMPY(O4DZERO¢ JZEROS TEMPLl 064646¢616)
DO 60 1 = 1N
DO 60 U = 1N

60 SUMM(1+J) = TEMP(IaUI+TEMPI(]eJ)

CALL TASK3
IF( IT3«4EQe0) GO TO 90
IF (SONEeGEeOs) GO TO 90
CR*RRR OUTPUT FOR TASKIII]
Do 70 I=143
ViI)= QWIG(TI)Y+VS(1])
OUT(143)= V(I)*VX
P(I)= QWIG(I43) +PS(I)
OUT(I)y= PLI)*PX
ESTAR(I)= QWIG(I+6)+ ES(I)
OUT(1+410)= ESTAR(1)/74¢8481361E-6
ES(IY= SAVES(I+10)
70 B(I)= SAVEP(1+6)
B(a)= SAVEP(10)
5o 75 I=1+10
75 ZSTDY(1)= SAVES(I)
ITER=z ITER+1
IF (ITEReGTe NTIMES) GO TO 90
WRITE(6¢1000)
GO TO 17

90 CALL TASK4
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105 DO 110 I=1+10

110 ZSTDY(1)= SAVES(])
Do 111 I=1e3
P(I)= SAVEP(I)
V(I)= SAVEP(1+43)
Bil)= SAVEP(1+46)
ESTAR(1)= SAVE(])

111 ES(I)y= SAVES(I+10)
Bta)= SAVEP(10)

1000 FORMAT(1H1)

1001 FORMAT (1HO+9Xe6HP STARe 13X46HY STAR+ 14Xe6MB STARW14Xe6HE STAR/)

1002 FORMAT (1HO+6Xe8HP STEADYe12Xe8HYV STEADYs12Xe8HB STEADY, 12XeBHE ST
1EADY/)

1004 FORMAT (1HOy 14HCOMMAND VALUES «2Xe 7HDEGREES/

1 /SHBETA
2A2¢2H = F12e8¢ 4Xe SHBETA A2¢2H SF12630
3 7H GAMMA A242H = F1l2e80¢ 4Xs SHGAMMA A242H = Fl2e8//)

1005 FORMAT(6HORHO =E16e8/7HOKAPZ2 =E16e8¢3Xe6HKAP3 =E16¢8+3X¢6HKAPS =
1E16e8/7HOKAPS =E16¢8e¢3Xe6HKAPT7 =E16eBe¢3Xe6M4KAPS =E16+s8/5HONU =
2E16684SXe 7THNORM K= E16¢B¢2Xe THSCALE = E1648/)

1006 FORMAT(1HO+47Xs7HDIAG HO/6(E1648))

1007 FORMAT (1HO+47Xe7HDIAG D1/3(E16e8))

1014 FORMAT(1HO44E20e8¢3Xe SHBETA A2/ 1Xe4EZ20e8¢3XeSHBETA A2/

1 I1Xe4E20¢B43XsOHGAMMA A2/ 41XeE20¢89¢Z3XEHGAMMA AZ2/)

1016 FORMAT(1H ¢10Xe4HAMPSs 14X +5HVOLTSe16Xe2HAM, 16X e 2HAS/ /)

GO TO 1
END




$ FORTRAN DECKeSTAB
CTASK3
SUBROUTINE TASK3

COMMON/BLK/DZERO(6+6) e JZERO(6Ee6) e QWIGeIT3e TFINALOT
COMMON/BL.K2/SONE + SZERO

COMMON/BLK3/ DDEP(9)e SDEP(9)e TEMPZ

COMMON/BLK4/EL s GWIGs BBAR

COMMON /INPT/RHOsKAP2+KAP3¢+KAP41KAPSKAP79icAP8s

INUSNCIMK D1 (3) s GROUP«GAM( 6) +BETA(6) e X](6) oSCALE

COMMON /INPTN/ PSTAR(3)sVSTAR(3)«ESTAR(3)spS(3)eVSI3)ES(3I)

DIMENSION DELTA(6)

DIMENSION BWIG(93)CWIG(3¢9)eG(3e3)e711(6¢6)eYZZ2(F:9)
CIMENSION BBAR(943) ¢CBAR(319)+UBAR(343)e¢D(9e9) s TEMP(349)
DIMENSION VBAR(3+49)¢YZ(9eF)sY1(646)eTEMPL(K:6) e TEMP2(646)
DIMENSION EL(9¢9)¢ELV(F$9)eJAY(949)

DIMENSION SG(6)+CG(6)eTB(E)1EYE(3e3)¢SP(9)

DIMENSION TEMP3(3+9)

DIMENSION QWIG(9)eS(9:9)

DIMENSION YONE(6) ¢SPR(9)sRES(9)GWIG(3)

DIMENSION SYZ(9)+TEMP4(9e9)

DIMENSION TEMPD(37)

REAL KAP24KAP3+KAP4 +KAPS s KAP7+KAPS o NU s NORMK

REAL UAY

REAL JZERO
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1C

20

40

50

EXTERNAL DERIV

DO 6 1 = 1e6
DELTA(I) = 060

DO 7 1 = 143
DO 7 U = 149
BWIG (Jel) = 000
CWIG (leJ) = 00

IF (GROUP=-240) 10020430

K = 1
GO TO 40

P = =(KAPS#KAPS8)/(RHO® (RHORKAPT7)%#%2)

DO 50 1 = 13
BWIG (1+341) = P
CWIG (lel) = 140

DO 60 I = 146
SG(1) SIN(GAM (1))
CG(1) COS(GAM (1))

L]
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60 TB(I) = TANIBETA(1))

G(le1) = (DELTA(1)*SG(1)#X2+DELTA(3)*#CG(3)%#%2+DELTA(4)+DELTA(S5)*#CG
1(S5)*##24DELTA(6)) /20

G(142) = (~DELTA(3)I*¥CG(3)IXSG(3)I+DELTA(GIXCG(4)I*TB(4)+DELTA(E)%5G(6
1)%TB(6)) /20

G(1e3) = (—-DELTA(1)%CG(1)%#SG(1)-DELTA(4)*SG(4)*¥TB(4)-DELTA(S5)I*#CG(S
1)%#SG(S)I+DELTA(6)IXCG(6)*TB(6)) /20

G(2+1) = (~DELTA(1)I*CG(1)I*¥TB(1)-DELTA(3I*CG(3)*SGI(I+DELTA(S)*3G(S
1)*#TB(5)) /20

G(2+2) = (DELTA(1)+DELTA(3)I*¥SG(3)RX24NELTA(4)I*SG(4)*R24DELTA(S)+DE

ILTA(G)*CG(6)%%2) /20

G(2e3) = (=DELTA(1)*SG(1II*TB(1)I+DELTA(4)I*¥CG(Q)I*¥SG(4)I+DELTA(S)*CGI(S
1)#TB(S5)~DEL.TA(6)%#CG(6)%5G(6)) /240

G(3s1) = (~DELTA(1)*CG(1)%#SG(1)-DELTA(3)*¥SG(3)*TB(3)~DELTA(S)*CG(S

1)%5SG(51)/2e0
G(3+2) = (-DELTA(3)*CG(3I*TB(3)+DELTA(4)I*CG(4)I%SG(4)-DELTA(E6I*CG(E
1)#SG(6)) /240
G(3¢3y = (DELTA(1I%CG( 1) #%#24+DELTA(3)I4+NELTA(4)RCG(Q)RX24DELTA(S) *SG

1(S) ##24DELTA(6)*#¥SG(6) ¥%2) /20

P
Q KAP2/ (KAP4*KAPS)
RR = (RHOXKAP7/KAP4 )% ( (KAP2+KAP3*#KAP4 )/ (KAPB* (RHO¥KAPT7+KAP4) ) )

(KAP2=-RHO¥KAPTH#KAP3) / (KAPS8* (RHOXKAPT7+KAP4) )

Do 70 1
bc 70 J

i

1¢9
1.0
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70

80

100

JAY(]eJ) = OeO
ELL(IeJ) = 000
ELV(14Jd) = 040

Do 80 1
EL(Iel)
ELV(Iel) = 100

EL(I+3¢14+3) = 140

1+3
140

ELVII43¢I43) = 140
EL(I4+6¢146) = 10
ELV(146e146) = 140
EL(IeI+6) = ~Q
ELV(II+6) = @

DO 80 JU = 13
EL(Teu+3) = PRG(le¢J)
ELV(14J43) = RR¥G(I«J)
EL(I4+6¢J43) = ~=G(1leJ)
ELV(146¢J+43) = G(led)

EYE(leJ) = 0e0
EYE(l1s41) = 140
DO 100 I = 146
JAY(1el) = JZERO(Iel)

CALL MTMPY (O JELVIBWIG:BBAR1949+34949)
CALL YTMPY(OsCWIGEL sCBAR3+9¢9¢34¢9)
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120

130

135

140

DO 110 1 = 149

DO 110 U = 149
D(Iey) Oe0
YZ(1lay) = 00

DO 120 1 = 146
OD(Iel) = DZERO(Is1)
D(7«¢7) = DI1(1)

D(8e8) = D1(2)
D(9e¢9) = D1(3)
DO 130 I = 143
DO 130 J = 13
UBAR(1eJ) = 040

DO 135 1 = 149

DO 135 J = 13

TEMP(Jel) = BBAR(1l+J)

CALL MTMPY (O eTEMPADSTEMP3131949¢349)
CALL MTMPY (O 4CBARsJAY+VBARI3¢91494349)

DO 140 1 = 143
DO 140 U = 149
VBAR(1eJ) = TEMP3(1eJ)+( NU/2¢0)*#VBAR(1eJ)

CALL MTMPY (O JZERODZERO I TEMP1l e =60616964¢6)
CALL MTMPY(O+DZERO+JZEROTEMP246¢6469506)
DO 150 1 = 1,46
DO 150 U = 146
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18C

160

170

175

177

Yi(Iel)
YZ<(1sl)

H

DO 160 1
DO 160 J

Q80

~TEMP1 (e J)=TEMP2(1+J)

YZ(146+J+6)

0O 170 1
DO 170 J
YZ(1leJ+6)
YZ(J+6e1)

DO 1785 1
DO 175 U
YZZ(14J)

DO 177 1
DO 177 U
YZZ(1eJ)

=

1]

L[]

=

143
1e3

= (EYE(l¢J)/NORMK)-UBAR(I14+J)

146
143
-1e0XVBAR(Js 1)

~1eO0OX(VBAR(Je 1 )+CBAR(J 1))

149
149

(YZ(JeI)4+YZ(10J))/2e0

149
19

=SCALE®YZZ (][ eJ)

CALL MINORS(YZZsIe5P)

DO 180 J
DO 180 1
Y1(JeI+3)
Y1(143eJ)

i

n

180 Y1(I43+4J+3)

143

1¢3
~1e0#VBAR( 1+ U+6)
«~1eOX(VBAR( ] s J+6)
= 000

+ CBAR(IeJ+6))
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185

210

215
220

230

240

250

DO 185 | = 146
DO 185 JU = 1e6
Y11(Iad) = (Y1(Iad) 4+ YI(Je1))/240
DO 210 I = 143

QWIG(I) = VSTAR(I1)-VS(I)
PSTAR(I)Y=-PS(I)
ESTAR(I)-ES(])

QWIG(1+3)
QWIG(1+46)

DO 220 1 = 143
GWIG(YI)Y = TANH(VSTAR(I))=-TANH(VS(1)}))

CALL MTMPY(O4ELVeQWIGeS54949¢14¢949)

DO 230 I = 143
YONE(]1) = S(I+46¢1)
YONE(1+3) = GWIG(1)

CALL MTMPY (O ¢ JZERO ¢S+ TEMP116¢6¢10649)
CALL MTMPY(C+BBARGWIGsTEMP24643010943)
DO 240 1 = 146

SPR(1) = TEMPLI(Is1)+TEMP2(Ie1)

DO 250 1 13

DO 250 J 13

TEMP1(IsJ) = BBAR(I+6+J)

CALL MTMPY(OQOsTEMP1+GWIGYTEMPZ2+3+341e6¢3)
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e -—————— ———————— — -

260

270

280

320

13
TEMRP2(1e¢1)

DO 260 1
SPR(I1+6)

CALL MTMPY (QOsY114YONESTEMP1 464641 464¢6)

SUM = Q60

DO 270 1 = 146

SUM = SUM + TEMP1(Ie1)®*YONE(I)
SONE=SUM

DO 280 I = 149
RES(1) ~100%¥SPR(I)%¥5(1e1)

DO 310 1 = 143

SYZ(1)y = S(lel)
SYZ(143) = S(I+3.1)
SYZ(1+46) = GWIG(I)

CALL MTMPY(OsYZZeSYZeTEMP4:P¢9¢1¢949)

SUM = 060

DO 320 1 = 149

SUM = SUM + TEMPA4t1+1)%SYZ(])
SZERO=SUM

WRITE(6+1008)

WRITE(6¢1009) SZEROSONE
SUM] = 040
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SUM2 = Q60
DO 330 I = 146
330 SUMI = SUML + SPR(I)I*S5(1+1)
SUM1 = -SUMI
DO 340 1 = 143

340 SUMZ2 = SUMZ2+SPR(I+6)1%*S(1+4+641)
SUM2 = -=SuUMZ2
IF (SONEeGEe 0Os¢) GO TO 5001
IT3= 1T3+1

C* %% % SET UP INITIAL CONDITIONS FOR RUNGE-KUTTA
DO 350 I=1+9
350 SDEP(I)Y= S(lsl)
XF=TF I NAL.
Dx= DT
X=0e
CALL RKPB(DERIVe TEMPDs Xe¢ DXe SDEPs IJODEP49)
365 CALL RrKPB1
IF (X=XF) 370+ 3804380
370 CALL RKPB2
GO TO 365
C 3% %% EVALUATE NEW QwliG
380 DO 385 1=149
385 S(lely= SDEP(I)
Do 395 I=1e9
SUM=04
DO 390 J=149
390 SUM= SUM+ EL(1eJ)%S(Jsl)
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395 QWIG(1)= SUM
5001 RETURN

1008 FORMAT(1HO//30Xe18HSTABILITY CRITERIA //)

1009 FORMAT (1HO 4 25HSMALL GIMBAL ANGLE ERRORS/T7X¢6HS ZEROWZX4E16e89¢5X
14HSONE ¢« 2XsE16e8//)
END




$ FORTRAN DECK¢STAB

CTASK4
SUBROQUTINE TASK4

CH¥®®x® DOMAIN OF ATTRACTION
DIMENSION OQOUT(10)

COMMON/BLKL1/
1 Z(10010+10)eZK(10)eR(13)¢Z2STDY(10)
2 C(13e¢13413)eD(13e13)

3¢DEL1+DEL3¢DEL4sDELS+DEL6+DTR e COMVAL ( 4)
COMMON/BLK2/SONE ¢ SZERO

| DIMENSION R2(10)¢P(3)eVI(3)4B(4)

| DIMENSION TVSTDY(3)

) EQUIVALENCE (ZKeP) 9 (ZK(4)sV)e(ZK(T7)9B) e (R24R(4))
|

|

|

!

XCONS=3»
LIM = 13
C COMPUTE RZ2

14 DO 15 1 = 1410
| 15 R2(I) = ZK(1)=-ZSTDY (1)
c COMPUTE RI1
R(1)
R(2)
R(3)

R(7)
R(8)
R(9)
DO 20 K = 1010
DO 20 J 1410
DO 20 1 1410
20 Z(leJeK) = Oo
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O 0 0 0

23

K = KT
I-RO

H
w

J=-COLUMN INDICATOR OF KTH MATRIX

MATRIX
INDICATOR OF KTH MATRIX

PRELIMINARY CALCULATION

IF(DEL1eNEele)

BETAC!

GO TO 23
COMVAL(1)#DTR

BETAC3 =COMVAL(Z2)*DTR

GAMC1
GAMC3
CO0S5G1
CosG3
SING1
SING3
SIN2G1
SIN2G3
Cosact
cosaGa
TANB1
TANB3

SEC2B1 =

SEC28B

GO TO 29
IF(DELSaNEale)

BETAC3
BETACS
GAMC3
GAMCE

=

=

=

COMVAL (3)1*DTR
COMVAL(4)#DTR
COS(GAMC1)
COS(GAMC3)
SIN(GAMC])
SIN(GAMC3)
2¢*#SING1I*#COSGL
24 *#SING3RCOSG3
2e#COSGIH%2=],
2e%#COSG3R%Z=1,
TAN(BETAC1)
TAN(BETAC3)
(1e/COS(BETAC1) ) #*2
(1e/COS(BETAC3) ) *#¥2

GO TO 26
COMVAL (1)#DTR

=COMVAL (2)®#DTR

COMVAL (3)#DTR
COMVAL (4)*¥DTR
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26

COSG3 = COS(GAMC3)

C0SG5= COS(GAMCS)

SING3 = SIN(GAMC3)

SINGS=z SIN(GAMCS)

SIN2G3 = 2¢#SING3*COSG3
SIN2GS= 2¢*#SINGS5*#COSGS
COS2G3 = 2¢%COSG3*#%2-1s
COS2GE= 2o #COSGSH%Z2-10e
TANB3 = TAN(BETAC3)

TANBS = TAN(BETACS)

SEC2B3= (1e/COS(BETAC3))#%2
SEC2B5 = (1+/COS(BETACS) ) *x2
GO TO 29

IF(DELL4eNEeloe) GO TO 29
BETACa= COMVAL(1)*¥DTR
BETACE =COMVAL (2)%#DTR

GAMC4 = COMVAL(3)%#DTR
GAMCE = COMVAL (4)%DTR
C0sGa = COS(GAMC4)

COsSGe= COS(GAMCS)
SING4= SIN(GAMC4)
SING6= SIN(GAMC6)
SIN2G4= 2¢*SINGAXCOSG4
SIN2GE= 2+ *SINGE6XCOSGE
COS2G4x 24%#COSG4R%2— 10
COS2GH= 2¢#COSGER%Z2—1 e
TANBa= TAN(BETAC4)
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29

30

TANB&= TAN(BETACS)

SEC2B4= (1e/COS(BETACSG) ) #%2

SEC2Be =2(1e/COS(BETACE) ) %2

DO 200 K = 1,410

GO ToO (30040+450460¢70¢80490430440450) oK
K =1 AND 8

IF(DEL1aNEele) GO To 35
Z(1e94K) = o5%#SIN2GI
Z(F9e14K) = Z(1494K)
Z(1e104K) = —¢5%#SIN2G3
Z1109314K) = Z(19104K)
Z(2410eK) = -45%C0S2G3
Z(1092eK) = Z(20104K)
Z(3e94K) = ~45*%C0S2G1

Z(993¢K) = Z(3494K)

Z(1474K) = ~oSH(COSG1#*#2)%#TANBI
Z(T7414K) = Z(147eK)

Z(148eK) = ~¢S*SING3I*#%2%TANB3
Z2(8s14K) = Z(1e8¢K)

Z(2e¢74K) = oS5*COSG1

ZU7424K) = Z(247eK)

Z(248¢K) = ~925%#SIN2G3*TANB3
Z(Be24K) = Z(2484K)

Z(3874K) = ~425%SIN2G1*#TANB1
Z(T793¢K) = Z(3e74K)

Z(34B4K) = ¢5%SING3

Z(Be34K) = Z(3+8eK)

8-22



GO TO 200

of 22 21 FOR DEL3=1e DELS=1
35 IF(DE_SeNEele) GO TO 37

Z(1e94K) = =eSHSIN2G3

Z(9e1eK)= Z(149eK)

Z(2+9¢ K) = —e5%#C0S2G3

Z(9e24K)= Z(2e9sK)

Z(1eTeK) = —¢SAESINGIN*2%¥TANB3

Z(7s14K)= Z(1e7eK)

Z(2e¢7eK)= —o25%#SIN2G3*TANB3

Z(7e2sK)= Z(207¢K)

Z(3e7¢K) = oS%SING3

Z(793¢K)= Z(3e7eK)

Z(1010eK)==¢S*SIN2GS

Z(10e1eK)= Z(1410eK)

Z(3010eK)==~e5%#C0OS2GS

Z(10e3eK)= Z(3410eK)

Z(1e84K)==¢S5HSINGSHX2%TANBS

Z(8e14K)= Z(148eK)

Z(2e8¢K)=—s5%SINGS

Z(8e¢2¢K)= Z(2e8+K)

Z(3+84K)=—¢25%¥SIN2GS*TANBS

Z(Be34K)= Z(3¢84K)

GO To 200
CRIRNR 221X FOR DEL4=1s DEL6=1
37 IF (DEL4eNEels) GO TO 2

Z(2¢9¢K) =~ S5SXSING4XTANBSG




40

Z(9e2eK)= Z(249¢K)
Z(2+10e¢K)= oS*COSGEXTANBSE
Z(10e2eK)= Z(2+4104K)
Z(3e9¢K)==95%#COSG4XTANBAS
Z(983eK)=Z(349¢K)
Z(3910eK)=—eS5*SINGO6X*TANBG
Z(10434K)= Z(3410eK)
Z{2+T7e¢K)= o5%#COSG4L*SEC2B4
Z(T7e2¢K)= Z(20¢7eK)
Z(24B¢K)I= oS5*¥SINGE*¥SEC2R6
Z(Be2eK)= Z(2¢8eK)
Z2(3074K)==aS5XSINGARSEC2B4

Z2(T7e3¢K)= Z(3e7eK)
Z2(3eBeK)= o5*#COSGHEXSEC2BSE
Z(8e34K)= Z(3e84K)

GO TO 200

K = 2 AND 9
IF(DEL1eNEels) GO TO 45

Z(1e9¢K) = oSH*SINGI*#TANB1
Z(9e14K) = Z(1394K)
Z(1e10eK) = =¢5S*COS2G3
Z(10e1eK) = Z(1410eK)
Z(2+10eK) = ¢5%SIN2G3
Z(1042eK) = Z(24104K)
Z(3e¢94K) = —oS5*¥COSG1*TANBI
Z(9434K) = Z(3494K)
Z(107¢K) = =¢5*COSGI#SEC2BI
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Z(T7el1eK) = Z(1e74K)
Z(1e8¢K) = =¢25*%SIN2G3*TANB3
Z(8e1eK) = Z(1e84K)
Z(2e8eK) = —¢SHCOSGI**2%TANB3

Z(Be2¢K) = Z(2¢84K)
Z(3e074K) = —¢5X*SING1*SEC2B1
Z(T7e34K) = Z(3e7eK)
Z(3e8¢K) = ¢5%COSG3
Z(Be34K) Z2(3e84K)
GO TO 200
4S5 IF(DELSeNEeloe) GO TO 47
C X% % FOR DEL3=1s AND DELS=1

[}

Z(1eS4K) = —oSHCOS2G3
Z(9e14K)= Z(1494K)

Z(249¢K) = ¢S*SIN2G3
2(9424K)= Z(2494K)

Z(1eT7eK) = ~o25%SIN2G3*#TANB3
Z2(7e1eK)= Z(1e7eK)

Z(22T7eK)= —¢SHCOSGIH*2¥TANB3
Z(T7e2¢K)= Z(247¢K)

Z(3e74K) = ¢5#COSG3
Z(T7+3¢K)= Z(3074sK)
Z(1+10eK)1= oS*COSGS*TANBS
Z(10s1eK)= Z(1e10eK)
Z(3010eK)==¢SASINGS#TANBS
Z(10e3eK)= Z(3e104eK)
Z(1e8esK)= oSHSINGSH#SECZBS
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Z(B8es14K)= Z2(1484K)

Z(3+48B4K)= «5*¥COSGS*SEC2BS
Z(Be34K)= Z(3484K)
GO TO 200

CHEXZR® FOR DEL4=1le DELGK=1

47 IF(DEL4eNEele) GO TO 2

Z(2494K)= ¢SHSINEGS
Z(9e24K)= Z(2¢9¢K)
Z(20¢10eK)==eS5%SIN2GE
Z(10e2eK)= Z(2+104K)
Z(3e94K)= ¢5%C0S52G4
Z(9e34K)=Z(3e94K)
Z2(3410eK) == 5%#C0S52G6
Z(10e3eK)= Z(3+10eK)
Z(1174K)=—e5%#C0OS5G4
Z(Tel1eK)= Z{1e7eK)
Z(148B¢K)=—eSHSINGE
Z(8e14K)= Z(148eK)
Z(207eK)=—aSHCOSGAXX2XTANBS
Z(7e2eK)= Z(2074K)
Z(2e84K)=—o¢5HSINGHEXX2XTANBE
Z(Be24K)= Z(2484K)
Z(3eTeK)= ¢2SHSIN2GAX*TANBYG
Z(Te34K)= Z(347¢K)
Z(3e8¢K)=—425%SIN2GE*TANBGE
Z(B8e3¢K)= Z(3484K)

GO 7O 200
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Cc K = 3 AND 10

50 IF( DEL1eNEs1le)

Z(1+94K)
Z(9e1 4K)
Z(1e10¢K)
Z(104¢1¢K)
Z(2+10eK)
Z(1042K)
Z2(3494K)
Z2(9+3¢K)
Z(1e74K)
Z(Te14K)
Z(1e¢84K)
Z(8s14K)
Z12e7aK)
Z{T7e24K)
Z(2484¢K)
Z(8424+K)
Z(3e¢7eK)
Z(7e34K)
GO TO 200

55 IF(DE|L_SeNEels)
FOR DEL3=1.

[ef 2 2 X 2 T 23
Z(1e¢9y K)
Z(914K)=
Z(2994 K)

GO TO S5

-e5#C0S52G1

Z(1e94K)

L]

-~ e SHCOSG3I*TANB3
Z(1e4104¢K)
e SESINGI*TANB3
Z2(2e¢10¢K)

~e5*¥SIN2GI

Z(3¢9K)

—e25#SIN2G1*TANBI

2(1e7eK)

- o SXSING3*SEC28

Z(1+¢8¢K)
e SHSINGI
Z(2¢7eK)

~eS#*COSG3*SEC2B

Z(2+84K)

~e SRS INGI#R2%TANBI1

Z(3e7e¢K)

GO TO 57

AND DELS5=1

= ~¢S5*¥COSG3IXTANBI

Z(1+9eK)

= o¢SH*SING3*TANB3
Z(9e24K)= Z(2¢9e¢K)
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Z(1eT7eK) = —¢S*SINGI*SEC2B3
Z{1T7e1eK)= Z(107eK)
Z2(2e¢7sK) = —=oSHCOSG3HSEC2B3
Z(742eK)= Z(287eK)
Z(1¢10eK)==e5#L0S2G5
Z¢10e1 oK)= Z(1410eK)
Z(3+¢10eK)= o5%SIN2GS
2(10e3eK)z= Z(3410eK)
Z(1e64K) == 25HSIN2GS*TANBS
Z(BsleK)= Z(1e8eK)
Z2(24B4K) == ¢S#COSGS
Z(Bs24K)= Z(24¢84¢K)
Z(3e8e¢K)= =oS5HCOSCSH#2%TANBS
Z(8e3eK)= Z(3e8¢K)
57 IF (DEL4eNEels) GO TO 200
C 336 3 3 3 % FOR DEL4=1e DEL6=1
Z(2+9¢K)= oS*C0OS2G4
Z(9424K)= Z(2494K)
Z{2¢104K)= =¢5%C0S26G6
Z(1042eK)= Z(2e10eK)
Z(3+94K)=—eSHSIN2GS
Z(9e3¢K)=Z(3e99K)
Z(3+10eK)= ¢5%*SIN2G6
Z€10¢3sK)= Z(3e10eK)
Z(147eK)= @»5%#SING4
Z(7e¢1aK)= Z(107¢K)
Z(1e84K)=~a25%#C0OSGE
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C*

60

63

66

Z(8s14K)= Z(148eK)

Z(2e74K)= 225%SIN2G4*TANB4
Z{T024K)= Z(2¢7¢K)

Z2t248¢K) ==o25%#TANBEGXSINGE##2
Z2(8e24K)= Z(2e84K)

Z(3e74K)= «~oSHSINGA*X2*#TANB4
Z(T7e34K)= Z(307eK)

Z(348e¢K)= =oSHCOSGHEEXR2¥TANBS
Z(Be3eK)= Z(3e84K)

GO TO 200

K = &
IF(DELL1eNEels) GO TO 63

DEL1ls DEL3 =1

Z(1e9,4K) = o5#COSGI1
Z(9e1eK) = Z(1e9eK)
Z(3¢94K) = #S5%*SINGI
Z(9¢34K) = Z(3494K)
GO To 200
IF( DELSeNEes1le) GO TO 66

Z2(1e9¢K)= o5%SING3
Z(FeleK)= Z(1e9eK)
Z(24¢9sK)= ¢5%#COSG3
2(9e¢2¢K)= Z(209+K)

GO To 200

IF( DEL4eNEsle) GO TO 200
Z2(2494K) = =45%#C0S5G4
Z(9e24K)= Z(209¢K)
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C*

CH*

70

T4

76

80 IF(DEL1eNEels)

Z(3e9¢K)x ¢5%SING4

Z2(9e34K)=
GO TO 200
K =5

IF(DE{_1aNEels)
DELle DEL3 =

Z(1010eK)
Z(10414K)
Z(2¢104K)
Z(10424K)
GO To 200

IF( DELSeNEsle)

DEL3
Z2(1+10eK) =
Z(1041eK)=
Z(3e¢10eK)=
Z(10¢3eK) =
GO 70O 200

IF( DELG6eNEele)

DEL 4.
Z(2+10eK)=
Z2(10420K)=
Z(3410eK)=
Z(10e34K) =
GO To 200

K = 6

A

(349¢K)

¢ SESING3
Z(14104K)
o S*COSG3
Z(24104K)

DELS =1
o SESINGS
Z(1+104K)
¢ S*COSGS
Z(3¢104K)

DEL6= 1

-8 S5S*SINGS
Z(2910¢K)
- 5*COSGH
Z(3+104K)

GO TO

GO TO 76

GO TO 200

GO TO 83
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C*

83

86

DEL1e DEL3 =1

Z(1+94K)
Z(9e1eK)
Z(1e74K)
Z(7e1eK)
Z(3e674K)
Z2(7¢3¢K)
Z(3494K)
Z(9e34K)
GO TO 200

IF (DELSeNEesle)

Z(1s9¢K)=
Z(9e1eK)=
Z(1eT74K)=
Z(7s14K)=
Z(2¢74K)=
Z(Te2eK)=
Z(2¢94K) =
Z(9e24K)=
GO TO 200

vS*SINGI*TANB1
Z(1e94K)
~-o5*#COSG1#SEC2B1
Z(1e7eK)

-e SHSING1I%#SEC2B1
Z(3e7sK)
~eS*COSGI*TANBI
Z(3e9¢K)

GO TO 86
~-oSHCOSG3HTANB3
Z(1e9¢K)
-~eSXSING3*#SEC283
Z(1e7eK)

- eSHCOSG3I*SEC2B3
Z(2+7eK)

o S*SING3®* TANB3
2(2e¢9¢K)

IF( DEL4eNEsle) GO TO 200
Z(2e94K)=—eS*SINGA*TANBY

Z(9324K) =
Z2(2e74K) =
Z(7e24K)=
Z(3+74K) =
Z(T7e3¢K)=

Z(2e¢9¢K)
e S*COSG4*SEC2B4
Z(2e¢7eK)
-~ e S*SING4*SEC2B4
Z(3e7eK)
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C*

C»

90

93

95

Z(3+¢9¢K)= «o¢SH*COSGAX*TANBSG
Z(9e3¢K)= 2(3494K)
GO To 200

K = 7
IF( DEL1sNEele) GO TO 93
Z(1+10eK) = ~o5S#COSGI*TANB3
Z(10e1eK) = Z(1e104K)

Z(148¢K) = —¢S*SING3I*SEC28B
Z(8Be14K) = Z(1484K)
Z(2+84K) = —-¢S5%*COSG3*SEC2B
Z(8e24K) = Z(2e¢8eK)
Z(2+410e¢K) = SHSINGI*TANB3
Z(1042eK) = Z(20104K)

GO TOo 200

IF(DELLSeNEele) GO TO 95
DEL3s DELS =1
Z(1410eK)= =¢S*COSGS5#TANBS

Z(10e1+K)= Z(1410eK)

Z(1484K)= =¢S5%SINGS*SEC2BS

Z(8e14K)= Z(1884K)

Z(3e8eK)= =a5*#COSGSASEC2BS

Z{(B8es3¢K)= Z(3e8BeK)

Z{3¢10eK)= ¢SKSINGS*#TANBS

Z(1043eK)= Z(3410eK)

GO TO 200

IF(DEL4eNEsl4) GO TO 2
DEL4,y DELG= 1}
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P 0 009090909000

Z(2+10eK)= oSHCOSGHEXTANBS
Z(10¢2eK)= Z(2¢10eK)
Z(2¢8eK)= oSHSINGE*SEC2B6
Z(Be2eK)= Z(2eBK)
Z(3¢8eK)= o5%#COSGHEX*SEC2BS
Z(B8e3eK)= Z(3+8eK)
Z(3¢10eK)= —oSHSINGEXTANBSE
Z(10e3eK)= Z(3¢104K)
200 CONTINUE
C 3 5% 3 3636 3 9 93 3 34 6% X% COMPUTE C(leJel)

210 DO 300 L = 4413

DO 300 J = 4,413
IF (JUeNEel.) GO TO 250
CHEXRRXFERE CASE J = L

BO 240 I = 4413
IF (l1eNEeJ) GO TO 220

c 1 = J =L
K = =3
CtLoLoel) = Z(KeKK)
GC TO 240
C I NOT EQUAL TO Le J = L

220 K = =3
ClloLoel) = Z(I-3eKeK)
240 CONTINUE
GO TO 300
Creies CASE J NOT EQUAL TO L
250 DO 270 I = 4413

3 3% 336 3 3 I A1 WX
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IF (laNEeJ) GO TO 260

C I = J
K = =3
Cllelel) = Z(KeKsL-3)
GO To 270

C I NOT EQUAL TO J

260 C(IleJal) = Z(I=3e¢J=3¢t.=-3)
270 CONTINUE
300 CONTINUE
CHEXRFXEEREXRFXXREXALEX COMPUTE D(1eL)
DO 330 L = 4413
DO 330 1 = 4,13
DS = Qe
IF (14EQel) GO TO 315
ok X 2 37 I NOT EQUAL TO L
DO 310 U = 1410
310 DS = DS+Z(1=3sJeL=3)#2Z2STDY(J)
D(leLy = DS
GO TC 330
CHeag I = L
315 DO 320 J = 1410
K = (=3
320 DS = DS+Z(KeJeKIXRZSTDY(J)
DtleLy = DS
330 CONTINUE
CHEXR% EVALUATE THETAL
P1 = 0e
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340

350
355

360

365

380

C %% % %%

390

P& = Ooe
DO 350 L
P1 PI+CILeLeL)I¥R(LIXX3I/ 30
P6 = DILLIFR(L)#%X2+PE

GeLIM

P2 = Qe
P3 = Os
PS5 = Qe

DO 360 L = SelLIM

M1 = L-1
DO 360 1 = 4+LMI
P2 = Cllelel)¥R(IIER2XR(LI+P2

P3 = C(lelolL)#R(I)I®R(L)*#¥2+P3
PS = 2#D(TsL)#R(I)#R(LI+PS

Pa = Oe

DO 380 L = 64LIM
LMl = L-1

DO 380 I = 4sLMI
DO 380 J = 4slLMIL

IF (14EQeJ) GO TO 380
P4 = C(leJeLI)¥R(IIAR(IIFRILI+PS
CONT INUE
THETA = Pl1+4P2+P3+P4+PS+P6
THETA]l = THETA
COMPUTE THETAZ
THETA2 = Oo
DO 400 L = 143
Cvk = COSH(VIL))
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CVSTDY = COSH(ZSTDY(L+3))
TVSTDY(L) = TANH(ZSTDY(L+3))
400 THETA2 = THETA2+ALOG(CVK)=ALOG(CVSTDY)=R(L)*TVSTDY(L)
THETA = THETA2-THETA1
C %333 3 %3 EVALUATE GAMMA
OKON = 1¢/SQGRT(XCONS)
GAMMA = O,
DO 410 I = 143
VDIF = TANM(V(I))=TVSTOY(1)
410 GAMMA = GAMMA+(R(1)-OKON#VDIF)*VDIF
CREXRREREEERESXERERR® K = 192¢3
DO 425 K = 143
Pl = Oe
c SUM OVER 1| AND Jo (4413)
DO 418 1 = 4413
IM3 = 1I-3
DO 415 U = 4413
JM3 = J-=-3
415 Pl = Pl4+Z(IM3¢JM3eK)¥R2(IM3)I¥R2(IMI)+2¢#Z( M3 e IM3 4K ) RZSTDY (IM3) #R2
1CIM3)
Pl = (ZK(K)—-OKON#*P1)%*P]1
425 GAMMA = GAMMA+P1

C %363 3 2 % 3% % K = 845¢6
430 DO 440 K = 446
P2 = 0Oe
DO 435 1 = 4,13
IM3 = 1~-3
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i
i DO 435 U = 4,413
: JM3 = U=-3
435 P2 = P2+Z(IM3¢JIMIK)HR2(IMI)I¥R2(IM3I)I42e%Z( IM3sIM3I+K)%ZSTDY ( JM3) *R2

’ 1(IM3)
i P2 = (R2(K)~OKON*P2) %P2
l 440 GAMMA = GAMMA+PZ2

CHEXRRRRRERREREARX K = T98e¢9¢10

445 DO 460 K = 7410

P3 = Oe

DO 450 I = 4,413
IM3 = -3

DO 450 J = 4,413
JM3 = JU=3

450 P3 = P3+Z(IM3¢IMIIKIXR2(IM3I)I¥R2(IMI ) +2¢#Z( IM39IMIIKIXZSTDY(IM3) #R2
1(IM3)
P3 = (R2(K)—OKON#P3)*P3

460 GAMMA = GAMMA+P3
WRITE(6¢1012) THETA+GAMMA
WRITE(641016)

CHEEXRXRRAXXARREFORMAT STATEMENTS

1003 FORMAT (3HOK= I3/(10(10F12¢3/)))

1010 FORMAT (1HO 4 25HSMALL GIMBAL ANGLE ERRORS/7X46HS ZEROsZ2XIE16e8¢5X e
14HSONE +2XeE16e8//)

1011 FORMAT(1HO//30Xe¢18HSTABILITY CRITERIA //)

1012 FORMAT (1HO/25HLLARGE GIMBAL ANGLE ERRORS /7xe¢l10HCAP LAMBDA+2XeE1648
1 ¢SXe9HCAP GAMMA2XeE1648/)

1015 FORMAT (1HOes 55X+8HR VECTOR/1S5(50Xe¢E 15087
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1016 FORMAT (1H1)
501 RETURN
END
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$ FQRTRAN DECK ¢STAB
cComp
SUBROUTINE COMP

commC N/BLK L/
1 Z(10410¢10)42Z2ZK(10)sR(13)¢2ZSTOY(10)s
2 Cl13e¢13013)eD(13413)

3sDEL 1 +DEL3eDEL4+DELSDELE6+sDTRe COMVAL (&)

COMMON /INPTN/ PSTAR(3)+VSTAR(3)ESTARZ) 1pPS(3)eVSI(3)4ES(3)
DIMENSION R2(10)sP(3)ev(3)eB(4)

DIMENSION E(3)

EQUIVALENCE (ZKsP)s (ZK(4) V)2 (ZK(T7)eB)e(R2,R(4))
I=1

OO 10 =143

10 E(I)= ESTAR(1)%#448481361E~6

Bl= B(1)/3437¢74677

G3= COMVAL (4)*DTR

SG3= SIN(G3)

CG3= CO0S(G3)

Gl= COMVAL(3)#DTR

SG1= SIN(GI)

CGl= COS(G1)

PART1=a B1%#SG1%5G3

GAMIEZ 16/CG3% (2% (E(1)%SG3+E(2)1%#CG3)~PART])
BETA3E= 1e/CG3% (—2¢*E(1)+ B1%#5G1)

GAM3E= 2+*E(3)+B1%CG1

BFAC= 04290888166E-3

8-39



5001

B(2)= BETA3E/BFAC
B(3)=z GAMIE/BFAC
Bt4a)= GAM3E/BFAC
RETURN

END
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$
COERIV

CRARR

FORTRAN DECKSTAB

SUBROUTINE OERILV
COMMON/BLK/DZERO(6+6)¢ JZERO(646) ¢ QWIG(9)e IT3e TFINAL DT
COMMON/BLK3/ DDEP(9)es SDEP(9)e TEMP2(646)
COMMON/BLKSG/ EL(949)e GWIG(3)s BBAR(943)
COMMON /INPTN/ PSTAR(3) ¢VSTAR(3)IESTAR(3)ePS(3)eVS(3)+ES(3)
DIMENSION V(3)s TEMP1(6)
REAL JZERO
EVALUATE NEW VBAR
oo 10 =13
SUM=0,
bo ¢ J=1e6

9 SUM= SUM+ EL(1eJ)*SDEP(J)

15

16
17

18

V()= SUM+ VS(1)

Do 15 1213

GWIG(1)= TANH(V(I))I-TANH(VS(I))
DO 17 I=146

SUM=z0,

DO 16 J=146

SUM= SUM+ JZERO(IeJ)%SDEP(J)
DDEP(1)= SUM

Do 19 I=146

SUM=04

Do 18 J=1e3

SUM= BBAR(I+J)*GWIG(J)+ SUM
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19 TEMP1(1)= SUM
CH¥ER%X EVALUATE DERIV FOR SZEROP
Do 20 I=146
20 DDEP(1) = DDEP(I)+ TEMP1l(1)
CrEXRER EVALUATE DERIVE FOR SONEP
DO 25 I=1¢3
IK= 146
SUM=0,
DO 24 J=13
24 SUM= SUM+ BBAR(IKs JIXGWIG(J)
25 DOEP(IK)I= SUM
RETURN
END
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$

CMINOR

20
30

FORTRAN DECK

SUBROUTINE MINORS(TMsMeSP)
DIMENSION TEMP(94¢9) ¢« TM(Q49)+SP(9)
DO 30 1
DO 20 JU = 1.1

DO 20 K = 141
TEMP({JsK) = TM(JeK)
SP(I1) = DETE(TEMPesI¢9)

1}

leM

RETURN
END
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APPENDIX A
EQUATION RE FERENCES

The equations evaluated in this Program are contained in Final Report, Part 1, Stability

Criteria for the OAQ Coarse Pointing Mode, by S.E. Moskowitz.

Reference No. Equation Page Number Description
1 11a, 11b, 1lc 2-7
2 14 3-3
3 3-5
4 3-5
5 MINORS subroutine

computes all
principal minors of
the Y0 matrix

6 18 3-5
7 A-4
8 A4
9 217, 28 A-5
10 A-7
11 A-7
12 29 A-T7
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